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1.1. A library of analogues of a procaspase-activating compound
Programmed cell death or apoptosis is a carefully controlled
process within higher organisms to ensure that cells can be
removed if they are damaged, are in excess or pose a threat to
the organism. A key step in apoptosis is the activation of caspases;
proteases that cause protein degradation leading to cellular death.
Key amongst these is caspase-3, known as the executioner for its
pivotal role in cell death whether initiated by intrinsic or extrinsic
pathways. However, it has been recognised for some time that can-
cer cells have the ability to evade apoptosis resulting in unchecked
cancer cell proliferation. A number of pathways have been investi-
gated for therapeutic intervention, and these include compounds
that disrupt the interaction of p53 and MDM2, Bcl-2 inhibitors,
and compounds that inhibit IAPs. In addition to these mechanisms,
direct activation of procaspase-3 has been identiﬁed as an alterna-
tive strategy for the treatment of cancer. Indeed, procaspase-3 lev-
els have been found to be abnormally elevated in a range of
cancers. A recent paper describes the design and synthesis of a
library of compounds that are analogues of a known activator of
procaspase-3.1
The compound procaspase-activating compound-1 (PAC-1) (1)
was found to enhance the enzymatic activity of procase-1
in vitro, as well inducing cell death in cancer cells, and was efﬁca-
cious in a number of murine tumour models. It has been deter-
mined that the presence of the ortho-hydroxy N-acyl hydrazine
group is essential for activity by chelating to zinc – an ion shown
to be an inhibitor of procapsase-3. By binding to zinc, procas-









E-mail: nterrett@ensemblediscovery.comIn this study, the goal was to ﬁnd new activators of procaspase-
3 that also were able to induce apoptosis more rapidly than the
lead compound PAC-1. The synthetic approach to PAC-1 involves
the condensation of a hydrazide and an aldehyde in the ﬁnal step.
A library of 837 analogues (4) was generated by the selection of 31
hydrazides (2) and 27 aldehydes (3). The hydrazides were gener-
ated from commercially available precursors, sequentially alkylat-
ing piperazine with benzyl halides and then ethyl chloroacetate,
before converting the esters to hydrazides by reaction with hydra-
zine. The aldehydic component was speciﬁcally a salicylaldehyde,























Using a Buchi Syncore parallel synthesiser, each hydrazide in
excess was condensed with each aldehyde. Monitoring the reaction
by mass spectrometry, looking for the complete disappearance of
aldehyde, was followed by the addition of scavenger polystyrene-
bound benzaldehyde to consume the excess hydrazine. The beads
were ﬁltered and evaporation generated the products with an









ry - An Online Journal 14 (2012) 9–11The 837 compounds were assayed at 20 lM concentration for
their ability to induce apoptosis in U-937 human lymphoma cells.
Six compounds were identiﬁed that were then resynthesised and
puriﬁed. Flow cytometry analysis with these six compounds
showed that the majority of cells treated were undergoing apopto-
sis or were in a late apoptotic/necrotic stage. Several of the com-
pounds (e.g. 5) were demonstrated to be more active than the
parent compound PAC-1.
2. A summary of the papers in this month’s issue
2.1. Solid-phase synthesis
An efﬁcient and versatile methodology for the preparation of
valuable triazolyl aminoacyl (peptidyl) penicillins has been
described. Solid phase Cu(I)-catalysed Hüisgen 1,3-dipolar cyclo-
addition was used as the key step and it demonstrated general
applicability and excellent regioselectivity either with CuI or
[Cu(CH3CN)4]PF6 as the Cu(I) source.2
A method for the synthesis of triazole-linked DNA oligomers
has been revisited to incorporate a reliable protective group and
linker for solid-phase synthesis. The new approach allowed the
preparation of oligomers with the efﬁciency of elongation reaching
over 90%.3
Starting with resin-bound bifunctional 2-(2-aminoethyl-
thio)acetic acid, an efﬁcient synthesis of a variety of N-cycloakyl
thiomopholinones has been described utilising the Ugi four-center
three-component reaction (U-4C-3CR).4
2.2. Solution-phase synthesis
No papers this month.
2.3. Scaffolds and synthons for combinatorial libraries
Amodular approach for the synthesis of a number of structurally
diverse ligands derived from carbohydrates has been reported. The
use of a highly functional hydroxy amino azide derived from gluco-
samine allows the synthesis of a number of useful ligands for organ-
ic and organometallic catalyses. The product is also an interesting
scaffold for the synthesis of chiral structurally diverse ligands.5
2.4. Solid-phase supported reagents
Polystyrene-supported TBD (PS-TBD) catalyses cyanosilylation
of both aldehydes and ketones using TMSCN to give the corre-
sponding products in high yields. Imines have also been converted
into the desired a-cyanoanimes under the same conditions. PS-
TBD was easily recovered and reused without signiﬁcant loss of
catalytic activity.6
10 N.K. Terrett / Combinatorial Chemist2.5. Novel resins, linkers and techniques
Cyclic RGD peptides are potent antagonists for the avb3 integrin
receptor. The microwave-assisted solid-phase synthesis of cyclic
RGD peptides has been described. In a coupling reaction between
Fmoc-Arg(Pbf)-OH and high-loading H-Gly-Trt(2-Cl) resin, multi-
ple coupling reactions were required for completion when using
conventional HBTU activation. Instead, it was found that COMU,
a new coupling reagent, under microwave heating to 50 C acceler-
ated the reaction even inside the resin. Cyclisation of these pep-
tides followed by deprotection gave the desired cyclic RGD
peptides with high purity.7
A modiﬁed approach for the synthesis of 3-substituted 2-aryl/
heteroaryl imidazo[4,5-b]pyridines using palladium-catalysedcross-coupling reactions under microwave enhanced conditions
has been described. Using (A-taphos)2PdCl2-catalysed cross-
coupling reactions enables rapid derivatisation of the imi-
dazo[4,5-b]pyridine pharmaceutically relevant core, and is
compatible with a broad spectrum of arylboronic acids.8
A very simple inexpensive linker has been used for solid-phase
synthesis of peptide aldehydes. Protected amino acid aldehydes are
immobilised on 2-Cl(trt) resin as an oxazolidine formed via dieth-
anolamine. After classical Fmoc SPPS, treatment of the resin with
AcOH/DCM/H2O (8:1:1) affords peptide aldehydes in high yield
and purity.92.6. Library applications
A solid phase combinatorial library has been designed based on
X-ray structures and in-silico models of b-tryptase. The approach
explores an inducible S4+ pocket, which is formed by a simple
side-chain rotation of Tyr95, and is unique to b-tryptase. Inhibitors
utilising this pocket have inherent advantages for selectivity
against other proteases in the same family. A member of this li-
brary was found to be a potent and selective b-tryptase inhibitor
with a suitable pharmacokinetic proﬁle for further clinical
evaluation.10
Two click chemistry-derived focused libraries based on the
benz[d]isothiazol-3(2H)-one scaffold were synthesised and
screened against Dengue virus and West Nile virus NS2B-NS3 pro-
teases. Several compounds displayed noteworthy inhibitory activ-
ity toward Dengue virus NS2B-NS3 protease in the absence and
presence of added detergent, and could serve as a starting point
for hit-to-lead optimisation.11
A rational structure-based approach aimed at the discovery of
new 2-aminoimidazoles as b-secretase inhibitors has been re-
ported. Taking advantage of a microwave-assisted synthetic proto-
col, a small library of derivatives was obtained and biologically
evaluated. Two compounds showed promising activities in both
enzymatic and cellular assays, and moreover, one of them exhib-
ited the capability to cross the blood–brain barrier as assessed by
the parallel artiﬁcial membrane permeability assay.12References
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